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Introduction
Aging is often defined as a natural multifactorial phenomenon characterized by degenerative processes and consequent reduction of physiological functions. The alterations and damage during age-related processes underpin and ultimately compromise cell and tissue function. As such, aging is a major risk factor for noninfectious chronic disease including diabetes, cardiovascular disease, cancer, and neurological disease [1, 2] . Over the past 20 years, several studies suggest that foods rich in polyphenols are associated with protection against age-related disease (atherosclerosis, cardiovascular disease, cancer, arthritis, cataracts, osteoporosis, type 2 diabetes, hypertension, and Alzheimer's disease) [3] [4] [5] . Resveratrol and pterostilbene are natural nutrients from grapes and blueberries, respectively. Recent studies suggest that both of them are potential candidates as anti-aging agents through modulating the hallmarks of aging, including oxidative damage, inflammation, telomere attrition, cell senescence. In this review, we will discuss the effects of resveratrol and pterostilbene on aging, lifespan extension, and health maintenance.
The effect of resveratrol on aging biomarkers

Anti-oxidant
Numerous research studies suggest that oxidative stress has an important role in the process of aging. Accumulation of oxidative damage to cell and tissue over the lifespan leads to aging [6] [7] [8] [9] [10] . Several evidences show that antioxidant supplements including resveratrol, are useful in delaying the aging process [11, 12] . Anti-oxidative effect of resveratrol depends on the redox properties of its phenolic hydroxyl group and the potential for electron delocalization across the conjugated structure [13] . Reducing reactive oxygen species (ROS) production, scavenging free radicals, and stimulating biosynthesis of endogenous antioxidants are involved in the anti-oxidative mechanism of resveratrol. Increase in anti-oxidative capacity and decrease in oxidative stress of resveratrol have been reported in vitro, in vivo, and clinical studies. For instance, osteoarthritis (OA), a condition strongly linked to aging, is characterized by chondrocyte apoptosis. Liang et al. suggest that the protective effect of resveratrol on chondrocyte apoptosis occurs through the scavenging ROS [14] . Toth et al. have shown that resveratrol significantly ameliorates hypertensioninduced oxidative stress, delayed the onset and reduced the incidence of cerebral microhemorrhages in aged mice [15] . Resveratrol reverse the senescence process in aorta induced by high-fat/sucrose diet in rats or induced by the exposure to high glucose in cultured bovine aortic endothelial cells through attenuation of oxidative stress via regulating sirtuin 1 (SIRT1)/ nicotinamide adenine dinucleotide phosphate (NADPH) oxidase pathway [16] . In cultured primary human keratinocytes, resveratrol exerts its preventive effect on oxidative stressinduced senescence and proliferative dysfunction by triggering the AMP-activated kinase (AMPK)-forkhead box O3A protein (FOXO3) cascade [17] . In a double-blind study, resveratrol increased insulin sensitivity possibly due to a reduction of oxidative stress that leads to a more efficient insulin signaling via the v-akt murine thymoma viral oncogene (Akt)/protein kinase B (PKB) pathway in type 2 diabetic patients [18] . Furthermore, resveratrol maintains the concentration of intracellular antioxidants, such as superoxide peroxidase (SOD), catalase, glutathione reductase, and glutathione peroxidase, in biological system to protect tissues against the deleterious effects of ROS. For example, resveratrol markedly reduced oxidation of thiol groups in the proteins of human platelet [19] . Dietary resveratrol reduces lipid oxidation and increase catalase and manganese superoxide dismutase (MnSOD) activity in muscles from aged mice [20] . Cardioprotective properties of resveratrol against cardiomyocyte injury may take place by preventing oxidative stress via preserving the activities of critical antioxidant enzymes [21] . It has also been reported that resveratrol attenuates oxidative damage in endothelial cells through the modulation of mitochondrial reactive oxygen species (mtROS) homeostasis via increasing isocitrate dehydrogenase 2 (IDH2), glutathione peroxidase (GSH-Px) and MnSOD [22] . Resveratrol and exercise delay the effect of aging and maintain high activities of glutathione, GSH-Px, and glutathione transferase activities in aged mice [23] . There are some studies that show a pro-oxidant effect of resveratrol against cancer at high dose; however resveratrol appears to be most powerful in maintaining the human health at lower dose [24, 25] (Fig. 1). 
Anti-inflammation
Accumulating evidence indicates that most phenotypes of aging can be explained by an imbalance between proinflammation and anti-inflammation, which results in inflamm-aging with a low-grade chronic proinflammatory status [26] . Accordingly, acting on inflamm-aging via antiinflammatory natural supplements may be an effective, safe, and appropriate treatment for delaying the aging process or ameliorating agingrelated diseases. The protective effects of resveratrol on the inflammation in aging have been documented in several studies. Tung BT et al. found that pro-inflammatory cytokines tumor necrosis factor alpha (TNF-a) and interleukin 1 b (IL-1b) increase during aging in mice liver an effect that can be reduced by resveratrol. Inflammasome activation can also be counteracted by resveratrol in liver of old mice [27] . In aged female mice, resveratrol administration attenuated inflammation in visceral adipose tissue and in the brain and decreased peripheral inflammation and stroke-induced brain injury [28] . Resveratrol-enriched rice has been shown to retard inflammaging in dermal fibroblasts through controlling matrix metalloproteinase-1 (MMP-1)-mediated ultraviolet B (UVB)-induced skin aging, apoptosis-induced skin aging, and inflammation in dermal [29] . In clinical studies, there is less certain evidence to suggest protective effect of resveratrol on Effect of resveratrol on aged-related disease by anti-oxidative and anti-inflammatory properties .  FIG 1 inflamm-aging. However, benefits of resveratrol supplements against inflammation have been reported recently. Tom eCarneiro et al. provide evidence that long-term ingestion of grape extracts containing resveratrol suppresses key proinflammatory cytokines C-C motif chemokine ligand 3 (CCL3), IL-1b, and TNF-a messenger RNA (mRNA) expression; the involvement has been suggested of inflammation-related miRNAs in peripheral blood mononuclear cells of type 2 diabetes (T2D) patients and support a beneficial immunomodulatory effect of resveratrol in these subjects [30] . In addition, resveratrol supplementation may be beneficial by diminishing the cardiovascular risk of healthy smokers, such an effect may be the consequence of resveratrol anti-inflammatory, anti-oxidant, and hypotriglyceridemic effects through reducing C-reactive protein (CRP) and triglyceride concentrations, and increased total antioxidant status [31] . In patients with coronary artery disease (CAD), resveratrol contributes to ameliorating the endothelial function and systemic inflammation through significantly reducing TNF-a level and the number of endothelial microparticles in peripheral blood [32] . From in vitro experiments to clinical studies, resveratrol exerts its antiinflammatory effect on aging-related disease or degenerative events (Fig. 1). 
Calorie restriction
Calorie restriction is an effective nutritional intervention intended to delay the aging process and prevent chronic disease such as abdominal obesity, diabetes, hypertension, and cardiovascular diseases [33] . The mechanism by which resveratrol acts is by inducing, SIRT1 activity and the related improvement in insulin sensitivity and energy utilization, closely resembling the situation produced by calorie restriction. Over the past few years, resveratrol as a calorie restriction mimetic has been reported in various studies. Marchal et al. found that resveratrol supplementation in old male mice has beneficial effects on metabolic alterations through affecting insulin sensitivity by improving glucose tolerance without disturbing baseline insulin secretion [34] . A meta-analysis of 11 randomized controlled trials demonstrated that resveratrol consumption significantly decreased the level of fasting glucose, insulin, glycated hemoglobin, and insulin resistance in participants with diabetes [35] . In a randomized double-blind crossover study, 30 days of resveratrol supplementation in 50-year-old males with obesity exerted its calorie restriction-like effects via inducing metabolic changes by regulating AMPK-SIRT1-peroxisome proliferator-activated receptor gamma coactivator 1-a (PGC-1a) axis [36] . There are reports suggesting that resveratrol and calorie restriction have similar effects on several targets (such as adiponectin, AMPK, Akt, MnSOD, nuclear factor-jB (NF-rB) in the cardiovascular system of mammalian systems [37] . Besides metabolic disorder, resveratrol and calorie restriction exert similar effects on slowing aging of neuromuscular junctions and muscle fibers in aging mice [38] . These evidences support resveratrol as a potential calorie restriction mimetic for improving metabolic and degenerative diseases (Fig. 2 ).
Telomere maintenance
Telomere length progressively decreases with advancing age and thus is consequently considered as a hallmark of aging [39] . Various factors, such as telomerase and Werner syndrome (WRN) helicase, contribute to telomere maintenances. Current data indicate that resveratrol has the potential ability to attenuate telomere dysfunction by inducing telomere maintenance factors. Resveratrol induces telomere maintenance by activating of WRN helicase and telomerase without affecting cell proliferation [40] . Furthermore, resveratrol delays endothelial progenitor cells senescence which is associated with the activation of telomerase and Akt phosphorylation [41] . Recently, resveratrol has been shown to affect the anti-aging process through activating human telomerase via a nicotinamide phosphoribosyltransferase (NAMPT) and sirtuin 4 (SIRT4)-dependent pathway in human aortic smooth muscle cells. Therefore, NAMPT-SIRT4-human telomerase reverse transcriptase (hTERT) axis may be a novel mechanism underlying reseveratrol's beneficial effects on cardiovascular diseases [42] . To the best of our knowledge, there is no evidence that show of resveratrol effects on telomere maintenance in clinical studies. However, the above described studies show the potential enhancement effects of resveratrol on telomere maintenance that may be also relevant to improve human health and as anti-aging compound (Fig. 2) .
The effect of pterostilbene on aging biomarkers
Anti-oxidant
Like resveratrol, there is evidence that demonstrate that pterostilbene act as an antioxidant by reducing oxidative stress and increasing the endogenous antioxidant level. Firstly, pterostilbene act as an antioxidant against various free radicals, including 2,2-Diphenyl-1-picryl-hydrazyl (DPPH), 2,2 0 -Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS), hydroxyl, superoxide, and hydrogen peroxide in a concentrationdependent manner [43] . Moreover, pterostilbene treatment attenuates glutamate-induced oxidative stress injury through reducing ROS production as well as increasing SOD and glutathione (GSH) activation via the nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathway in neuronal cells [44] . Similarly, pterostilbene prevents the generation of ROS and attenuates high glucose-induced oxidative injury in hippocampal neuronal cells by activating Nrf2 [45] . Pterostilbene reduced malondialdehyde (MDA), 4-hydroxynonenal (4-HNE), aconitase-2 and 8-hydroxydeoxyguanosine (8-OHdG) level; this suggests protective effects of pterostilbene on hyperosmolarityinduced oxidative stress in human cornea epithelial cells [46] . In vivo, Dos Santos Lacerda et al. found that decrease in NADPH oxidase-dependent superoxide anion production and oxidative stress may be the underlying mechanic of pterostilbene in cardioprotection, including maladaptative remodeling prevention and protection of systolic function in the right ventricle of rats with pulmonary hypertension [47] . Pterostilbene also exerts protective activity on UVB-induced skin damage and carcinogenesis by maintaining skin antioxidant defenses, including GSH levels, catalase, superoxide, and GSH peroxidase activities [48] . Furthermore, pterostilbene significantly increase SOD and GSH levels to diminish hepatic oxidative stress in a fructose-induced T2D rat model [49] . Nutritional supplements contained pterostilbene significantly increase serum total antioxidant status (TAS) in free-living healthy seniors receiving nutritional supplement (NS)-7 or NS-6 capsules for four weeks [50] . These experimental data support the notion that pterostilbene acts as an in vivo a antioxidant (Fig. 3) .
Anti-inflammation
Pterostilbene has been reported as a potential antiinflammatory agent, has already been discussed in several publications. Recent in vitro evidence shows that pterostilbene inhibited mitogen-activated protein kinase (MAPK) activation and the production of pro-inflammatory cytokine (interleukin-6 [IL-6] and TNF-a) in lipopolysaccharides (LPS)-activated microglia [51] . In addition, pterostilbene has inhibitory effect on inflammatory responses following the interaction of 3T3-L1 adipocytes with RAW 264.7 macrophages [52] . Moreover, pterostilbene down-regulated the secretions of IL-6, interleukin-18 (IL-18), vascular endothelial growth factor (VEGF), NO, matrix metalloproteinase-2 (MMP-2), and matrix metalloproteinase-9 (MMP-9) all events that may be correlated with the suppression of LPS-induced NF-jB p65 nuclear translocation in E11 cells [53] . Furthermore, pterostilbene was found to be a potent Nrf2 activator that contributes to inhibit IL-1b-mediated inflammation in chondrocytes, as well as attenuate immunemediated death of pancreatic b cells [54, 55] . In vivo, pterostilbene possesses potential anti-neuroinflammatory effect through significantly repressing LPS-induced IL-6 and TNF-a mRNA expression in rat hippocampus [56] . Treatment with pterostilbene markedly ameliorated inflammatory response, as evidenced by the decrease in proinflammatory cytokines Effect of resveratrol on aged-related disease by calorie restriction mimetic and telomere maintenance properties.
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(IL-1b, TNFa, and interferon gamma (IFN-c) in streptozotocin (STZ)-induced diabetic mice [55] . In an osteoarthritis model, pterostilbene has protective effect on cartilage degeneration by modulating IL-1b-mediated inflammation via nuclear translocation of Nrf2 [54] . Pterostilbene improves the survival rate and alleviate polymicrobial sepsis-induced liver injury in mice is because of suppressed inflammatory response possibly associated with SIRT1 signaling activation [57] . Pretreatment with pterostilbene lowered the expression of several proinflammatory cytokines, including TNFa, IL-1b, IL-6, and critical transcription factor p65 NF-jB, through upregulating heme oxygenase-1 (HO-1) to prevent hypoxic-ischemic brain injury in neonatal rats [58] . Furthermore, pterostilbene repressed inflammatory response via NF-jB inactivity in LPS or TNF-astimulated vascular smooth muscle cells from toll-like receptor 5 (TLR5) deficient mice. Pterostilbene is a natural dietary compound isolated from blueberries. In a randomized placebocontrolled trial, blueberry intake reduced IL-1b and IL-6 production in treatment of postprandial blood with lipoprotein lipase compared with placebo control [59] . A randomized controlled trial demonstrated that blueberry consumption decreases serum TNF-a concentrations in postmenopausal women with pre-and stage 1-hypertension [60] . Blueberries also reduced the IL-1a and b production and increased the level of IL-1 antagonist in patients with juvenile idiopathic arthritis in a phase III study [61] . Overall, pterostilbene may be a potential inflammatory suppressor as indicated by in vitro and in vivo studies. However, the clinical measurement of the anti-inflammatory effects of pterostilbene need further study (Fig. 3) .
The effect of resveratrol and pterostilbene on lifespan and age-related disease
Multiple studies have demonstrated that the beneficial health effects of resveratrol and pterostilbene on cardioprotection, neuroprotection, and prevention of metabolism disorder, stroke-induced brain damage, and cancer are related to anti-oxidant and anti-inflammatory properties as well as, as a calorie restriction mimic [62, 63] . In this section, we will Effect of pterostilbene on aged-related disease by anti-oxidative and anti-inflammatory properties. FIG 3 summarize the effect of resveratrol and pterostilbene on lifespan extension, healthspan increase, and disease prevention from small organism to mammal (Table 1) .
Lifespan extension
In yeast, resveratrol increases lifespan of Saccharomyces cerevisiae by 70% through directly stimulating SIR2 activity [64] . Similarly, resveratrol extends the lifespan of Caenorhabditis elegans (C. elegans) by activating SIR-2, without any changes in fertility [65] . Although there is a study claiming that resveratrol treatment only slightly extended lifespan of C. elegans and D. melanogaster, subsequent studies supported the findings of the original study [66] . It seems as though the effect of resveratrol on D. melanogaster lifespan extension rely on gender and dietary nutrient composition [67] . Under ad libitum feeding conditions, resveratrol extends lifespan of Apis mellifera by 33-38% [68] . Valenzano et al. found that resveratrol supplementation prolongs lifespan and delay age-related decline in the motor and cognitive function in N. furzeri [69] . Conversely, supplementation with resveratrol has no effects on the lifespan in the model crustacean Daphnia [70] . In mammals, there is, lack evidence to support that resveratrol administration has beneficial effect on lifespan extension. Current data show that mice receiving resveratrol supplementation beginning at the age of 4, 9, or 12 months does not increase life span [71] [72] [73] . However, resveratrol improves vascular health without extending rat's lifespan. The effect of resveratrol on human lifespan has to still be considered in future clinical studies [74] . Although no study shows a property of resveratrol in increasing life span health mammals, there are three reports examining the effect of resveratrol supplementation on lifespan using disease models. Firstly, resveratrol increases survival and insulin sensitivity in mice on a highcalorie diet [75] . Feeding HtrA serine peptidase 2 (HtrA2) knockout mice with idebenone and resveratrol extends lifespan and delays worsening of locomotor activity, suggesting resveratrol as effective therapeutic agent against neurodegenerative disorders such as Huntington's disease and Parkinson's disease [76] . Subsequent study also demonstrates that resveratrol prolongs lifespan and ameliorates the function of motoneuron SOD1(G93A) in amyotrophic lateral sclerosis mice [77] . In contrast, Klink et al. suggest that resveratrol was associated with significantly worsening of survival rates in severe combined immunodeficiency (SCID) mice with LAPC-4 tumors [78] . Altogether, there is little evidence that shows an effect of pterostilbene on lifespan extension. Blueberry however, as a natural source of pterostilbene has potential effect on prolonging lifespan. For instance, blueberry polyphenols prolong lifespan and increase thermotolerance in C. elegans [79] . Moreover, up-regulation of gene expression of SOD and catalase by blueberry extracts contributes to lifespan prolongation of D. melanogaster [80] . Anti-apoptosis activity of pterostilbene in human neutrophil is caused by inhibition of caspase-3 enzyme activity [81] . These evidences support the potential health benefits of pterostilbene on lifespan extension.
Prevention and treatment of age-related disease
Aging is a process characterized by loss of physiological integrity, leading to impaired physiological function and increased death risk. Tissue degeneration is the primary risk factor for major human pathologies, such as diabetes, cardiovascular disorders, and neurodegenerative diseases [1] . For healthspan and disease prevention, resveratrol has the potential for cardioprotection, neuroprotection, and prevention of metabolism disorder, stroke-induce brain damage, and cancer. In C. elegans model, the anti-oxidative effect of resveratrol contributes 
Neuroprotection
Resveratrol administration alleviates cerebral ischemia/reperfusion injury by inhibiting pro-inflammatory cytokine such as IL-1b and NLRP3 inflammasome activation, reducing oxidative stress and apoptosis through modulating SIRT1 activation, parkinsonism associated deglycase (DJ-1/PARK7) expression, PI3K/ Akt/glycogen synthase kinase 3 b (GSK3b), and extracellularsignal-regulated kinase (ERK)-cAMP response element binding protein (CREB) signaling pathway, and the MMP-9/TIMP metallopeptidase inhibitor 1 (TIMP-1) balance in mice or rats [85] [86] [87] [88] [89] . Inhibition of inflammation, apoptosis, oxidative stress, lipid peroxidation, DNA damage, mitochondria dysfunction, brain infarction and edema, impairment of cognitive, and motor functions are associated with antistroke activity of resveratrol [90] . Resveratrol may protect against Alzheimer's disease, an age-dependent neurodegeneration disorder, by inhibiting Ab fibrils formation, anti-amyloidogenic effect, and delaying cognitive decline through activating SIRT1 and AMPK [91] [92] [93] . Resveratrol exerts neuroprotective effects by selectively activating ERK in a Drosophila model of Huntington's disease [94] . Resveratrol also protects against peripheral deficits by activation of SIRT1 in a murine model of Huntington's disease. Similarly, resveratrol-induced SIRT1 activation may be at the basis to its protective effect in attenuating motor neuron degeneration and reducing the muscle atrophy and dysfunction in a mouse model of amyotrophic lateral sclerosis [95] . In randomized, double-blind, placebo-controlled, phase II trial of Alzheimer's disease, resveratrol was detectable in cerebrospinal fluid (at low nanomolar levels); it is safe and well tolerated, as well as it alters Alzheimer's disease biomarker trajectories, does not alter blood-brain barrier integrity, and modulates the central nervous system (CNS) immune response [96] . Acute stroke is known to impair cerebral blood flow (CBF) regulation. Resveratrol administration (250 or 500 mg/day) increase of CBF in health adults has been confirmed. Moreover, resveratrol administration modulates brain functions in healthy older adults because of improving glucose metabolism [97] and vasorelaxation and by promoting endothelial nitric oxide synthase (eNOS) and NO synthesis [98, 99] . These data support the notion that resveratrol may have a potential as a neuroprotect or Pterostilbene is a potential candidate for neuroprotective through restoring estrogen receptor alpha (ER-a)-mediated signaling pathways in human neuronal SH-SY5Y cells [100] . Pterostilbene exert protective effects against mitochondrial dysfunction-derived oxidative stress and ameliorates high glucose-induced CNS injury through the activation of Nrf2 signaling in hippocampal neuronal cells [45] . In the senescence accelerated mouse-prone 8 (SAMP8), a model of sporadic and age-related Alzheimer's disease, Chang et al. have shown that pterostilbene increased peroxisome proliferator-activated receptor a expression (PPAR-a) suggesting that pterostilbene is a more efficient modulator of cognition and cellular stress than resveratrol [101] . The effect of pterostilbene on neuroprotection is still undocumented in human studies.
Cardioprotection
Resveratrol exerts protective effect against cardiovascular diseases, including hypertension, atherosclerosis, stroke, myocardial ischemia and ischemia-reperfusion injury, cardiac hypertrophy and the pathogenesis of heart failure, diabetic cardiomyopathy, chemotherapy-induced cardiotoxicity, and arrhythmia. Antihypertensive effect of resveratrol (10-320 mg/kg body weight/day) has been found in several animal models of hypertension including the spontaneously hypertensive rat (SHR) model, the two-kidney one-clip hypertensive rat, the angiotensin (Ang) II infused mouse model, nephrectomized rats, and pulmonary hypertension rats. Mechanisms underlying the antihypertensive effects of resveratrol are associated with endothelium-dependent and endotheliumindependent vasorelaxation by AMPK, SIRT1, and NRF2 activation [102] [103] [104] [105] . Further studies have investigated the protective effect of resveratrol (1-200 mg/kg body weight/day) against the ischemic myocardium reperfusion injury, or ischemia and infarction induced by permanent ligation in animal model. Resveratrol (0.5-100 mg/kg body weight/day) has been shown to protect from myocardial ischemic damage and/or ischemia-reperfusion injury through vasodilation, angiogenesis, oxidative stress reduction, anti-atherosclerosis effect by activation of AMPK, eNOS, and VEGF as well as inhibition of ROS [106] [107] [108] [109] [110] . The protective effects of resveratrol on cardiac hypertrophy and heart failure have been confirmed in numerous animal experimental models, such as spontaneously hypertensive rat (SHR), pressure-overload caused by abdominal aortic banding or shunt in rat, partially nephrectomized rats, experimental autoimmune myocarditis (EAM) in rats, and Dahl-salt sensitive rats [111] . Resveratrol exert protective effect by interfering with several processes implicated in the pathophysiology of cardiac hypertrophy and heart failure via inhibiting nuclear factor of activated T-cells (NFAT)-mediated hypertrophic gene expression and protein synthesis, inducing AMPK and SIRT1 pathways, and suppressing ROS generation by activating SOD [112] [113] [114] . Clinical studies in a double-blind, placebo-controlled trial found that resveratrol (10 mg/day, 90 days) reduced lowdensity lipoprotein (LDL), improved flow-mediated dilation and left ventricular function in postinfraction Caucasian patient with CAD [115] . In addition, in patients with stable angina pectoris, resveratrol at the dose of 20 mg/kg for 60 days significantly reduced Nterminal prohormone of brain natriuretic peptide and CRP and slightly improved lipid profile [116] . A randomized crossover study demonstrated that resveratrol ingestion improved flow-mediated vasodilation in a dose-dependent manner in overweight men or postmenopausal women with borderline hypertension [111] . Overall, resveratrol is a potential natural supplement in cardioprotection. However, the effect of resveratrol in the treatment of cardiovascular disease needs to be confirmed by large-scale clinical trials. Pterostilbene display beneficial effects in lowering plasma lipoproteins and cholesterol, avoiding vascular endothelial cell apoptosis caused by oxidized low-density lipoprotein (oxoLDL), and promoting cytoprotective macroautophagy in vitro or in vivo [117] [118] [119] . Recent findings from animal model of Ischemia/Reperfusion Injury demonstrate that pterostilbene has therapeutic potential by modulating inflammatory response, oxidative stress, and apoptosis and up-regulating gene expression [120] [121] [122] . Similar result was also found in hypoxia-reoxygenation injury experiments, suggesting the protective effect of ptersostilbene on cardiomyocytes is related to activating SIRT1 function [123] .
The clinical trial results demonstrate that nutritional ingredients containing pterostilene markedly reduce blood pressure in adults [124] . Current data confirm the potential effect of pterostilbene on cardioprotection.
Obesity and diabetes
Antidiabetic ability of resveratrol has been extensively discussed in the literature. The beneficial effect induced by resveratrol in mice with experimental T2D are strongly associated with increased expression of AMPK and SIRT1 in various tissues such as skeletal muscle, liver, and pancreatic islet to improve glucose homeostasis and insulin secretion, decrease insulin resistance, protect pancreatic b-cells, ameliorate metabolic disorders [125, 126] . Clinical trials show that resveratrol is also effective in type 2 diabetic patients or obese subjects.
Resveratrol administration (5 mg twice a day) decreased insulin resistance and oxidative stress in patients with T2D [18] . In addition, short-term resveratrol supplementation (500 mg twice a day) has antihyperglycemic effects because of the decrease in insulin resistance and blood glucose level [127] . Furthermore, resveratrol (250 mg/day) significantly lowered systolic blood pressure in T2D patients after 3 months of treatment. Resveratrol exerts similar protective effects on obesity in clinical studies. Decrease in insulin resistance, blood glucose, plasma inflammation markers, and systolic blood pressure were found in obese men receiving 150 mg of resveratrol [36] . Resveratrol at doses between 1 and 2 g/day improves insulin sensitivity and postmeal plasma glucose in older adults with impaired glucose tolerance [128] . In contrast, resveratrol failure to regulate insulin level, blood pressure, metabolic marker in T2D patients or healthy obese men has been reported [129] [130] [131] . Although there have been promising results of resveratrol on antidiabetes or antiobesity, human studies are not consistent; this may result from sample size and short duration of the trials. Pterostilbene exert protective effects on diabetes through reducing oxidative stress and via apoptosis inhibition in pancreatic b-cell [55, 132] . In STZnicotinamide-induced diabetic rats, pterostilbene significantly improved the hexokinase activity and decrease glucose-6-phosphatase, fructose-1,6-bisphosphatase [133] . Similarly, pterostilbene maintains glucose homeostasis by regulating hepatic enzyme, including hexokinase, glucose-6-phosphatase, glucose-6-phosphate dehydrogenase, and fructose-1,6-bisphosphatase [134] . Pterostilbene also modulates insulin sensitivity, glycemic control, and oxidative stress in fructose-fed diabetic rats [49] . These studies suggest that clinical studies for the prevention of diabetes are needed.
5. The effect of resveratrol and pterostilbene on age-related mechanism
Sirt1
Silent information regulator 2, Sir2, was involved in the yeast replicative aging process, which was firstly reported by Kaeberlein and colleagues. This study found that extra copies of Sir2 increased yeast replicative lifespan by 30%, whereas ablation of the Sir2 gene causes opposite effects on reducing lifespan by 50% [135] . In mammals, SIRT1 involve in mitochondrial respiration, lipid metabolism, and the aging process by regulation of a wide range of reactions. Several studies support the hypothesis of the critical role of SIRT1 in mediating metabolic responses to calorie restriction, a situation that contributes to increased longevity [136] [137] [138] . The potential of resveratrol to mimic beneficial effects of calorie restriction have been extensively investigated in recent years. In this section, we summarize the effect of resveratrol on SIR1 regulation in lifespan and health benefit. In the overfed zebrafish model, resveratrol modulates lipid metabolism by activating the AMPKa-Sirt1-PPARc pathway [139] . Resveratrol ameliorates aging-related metabolic phenotypes by suppressing cyclic adenosine monophosphate (cAMP), phosphodiesterases (PDEs) leading to elevated cAMP levels in diet-induced obesity mice [140] . Both calorie restriction and resveratrol have beneficial effects based on metabolic changes [34] . About 30 days of resveratrol supplementation induced metabolic alterations and activated AMPK, SIRT1, and PGC-1a protein levels in muscle of obese patients [36] . Human intervention studies show that both calorie restriction and resveratrol treatments elevated SIRT1 expression and reversed expression of detrimental adipokines associated with metabolic complications [141] . Moreover, grapes, a natural source of resveratrol, exert anti-aging effects by maintaining mitochondrial balance of fusion and fission leading to mitophagy triggered by Sirt1-Sirt3-Foxo3-PTEN-induced putative kinase 1 (PINK1)-parkinson juvenile disease protein (PARKIN) pathway [142] . Overall, by mimiking the effects of calorie restriction on longevity, resveratrol contributes to extending lifespan and maintaining health by activating SIR1. In some aged-related disease, pterostilbene also exert its anti-aging effect via regulating Sirt1 activation. Altogether, there is little evidence which suggests an anti-aging effect of pterostilbene by activating Sirt1. Activation of Sirt1 function by pterostilbene however, ameliorates hypoxiareoxygenation injury in cardiomyocytes [123] . Pterostilbene retard the skeletal muscle oxidative stress injury and mitochondrial dysfunction by activating (SIRT1)-forkhead box protein O1 (FOXO1)/p53 pathway in mouse with ischemia reperfusion (IR) injury [143] . Pterostilbene reduces inflammatory response and inhibit hepatic apoptosis to alleviate sepsisinduced liver injury; its potential mechanism is associated with Sirt1 activation [57] . These studies demonstrate that petrostilbene act as a potent modulator of Sirt1.
AMP-activated protein kinase
AMP-activated protein kinase (AMPK), a main nutrient sensor, act as downstream element in pro-longevity interventions, such as dietary restriction (DR), to control the cell and physiological processes of aging [144] [145] [146] . Cumulative evidence supports that the beneficial effect of resveratrol on anti-aging is associated with AMPK activation. For instance, resveratrol lowers blood pressure by activating AMPK/Ras homolog gene family, member A (RhoA)/Rho-associated, coiled-coil containing protein kinase 2 (ROCK2)/myosin light chain (MLC) pathway in deoxycorticosterone acetate (DOCA) -hypertensive mice [147] . Vessel maintenance, repair, and adaptation to vascular changes related to aging. Resveratrol, via activation of AMPK-FOXO3 cascade, prevents oxidative stress-induced senescence and proliferative dysfunction of vascular smooth muscle [148] . Cellular senescence and proliferative dysfunction are two ageassociated phenotypes regulated by AMPK activity. In cultured primary human keratinocytes, resveratrol attenuates oxidative stress-induced senescence and proliferative dysfunction by inducing the AMPK-FOXO3 cascade [17] . Alzheimer is an agerelated disease characterized by amyloid-b (Ab) peptide deposition into cerebral amyloid plaques result in neurodegenerative disorder. Resveratrol activate AMPK lead to inhibit mammalian target of rapamycin (mTOR) and consequently induce autophagy and lysosomal degradation of Ab peptide. In mice, resveratrol activated AMPK and retarded the progression of brain Ab deposition in the cortex [93] . Furthermore, resveratrol delay onset of cartilage degeneration by promoting chondrocyte autophagy via activation of AMPK/mTOR pathway in medial meniscus-induced osteoarthritis [149] .
Nuclear factor (erythroid-derived 2)-like 2
Nuclear factor (erythroid-derived 2)-like 2 (Nrf2) as a target for prevention of age-related disease by against oxidative stress have been conducted [150] [151] [152] . Current data also indicate that pterostilobene have protective effect against aged-related disease. In human keratinocytes, pterostilbene protects against UVB-induced photo-damage through phosphatidylinositol-3-kinase (PI3K)-dependent activation of Nrf2/antioxidant response element (ARE) pathway [153] . Pterostilbene suppress the IL-1b-induced inflammation and ROS production in chondrocytes by inducing the nuclear translocation of Nrf2 in order to prevent cartilage degeneration [54] . In hippocampal neuronal cells, pterostilbene reduce high glucose-induced oxidative damage by Nrf2 activation [45] . Furthermore, pterosilbene-mediated Nrf2 activation also has and has beneficial effects as anti-hyperlipidemic in experimental diabetes [154] . Taken together, pterosiltben pterostilbene is a modulator of Nrf2 with potential effects against aged-related disease.
Conclusion
Both resveratrol and pterosiltben are stilbene derivative which are contained in grapes and blueberries. In this review, we summarize their anti-aging and health benefits by antioxidant, anti-inflammation, and calorie restriction effects through activating Sirt1, AMPK, and Nrf1 signaling pathway. Current evidence suggests both resveratrol and pterosiltben may be powerful modulators for aged-related disease, including neurodegeneration, obese, diabetes, and cardiovascular diseases. However, the lack of large-scale clinical trials and poor water solubility and rapid metabolism may be a major obstacle in translating their effects in humans.
